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INTRODOCTION 


In  any  wallcing  movetnent^  the  person  performing  the  rnomeroent  must 
contact  with  the  surf  ace  upon  which  he  is  walking*  The  normal  1«G  walldiig 
gait  is  a  push-^ll  Operation.  The  push  is  uprard  and  forward  'trough  the 
longitudinal  axis  of  the  body.  The  swinging  leg  moves  forward  and  decelii 
erates.  There  is  a  transfer  of  energy  (pull}  from  the  decelerating 
(swinging)  leg  to  the  remainder  of  the  boc^i  thus  promoting  a  mnooth  forward 
motion  of  the  body.  The  heel  of  the  swinging  leg  strikes  the  grounds  then 
the  toe  is  eased  down  placing  tte  foot  flat  on  the  ground.  The  next  cycle 
begins  with  a  prish  off  by  the  other  leg*^ 

A  weightless  man  on  a  normal  surface  can  never  complete  the  full  walk¬ 
ing  cycle  without  external  assistance*  The  initial  push  upward  and  forward 
imparts  an  acceleration  away  from  the  walking  surface.  TMs  acceleration 
is  more  than  overcome  at  the  surface  of  the  earthy  but  in  ^ace  it  is  not 
even  decreased.  The  subject  generates  a  net  acceleration  at  an  angle  with 
the  surface  great  enough  to  free  him  from  e(mtact  with  the  sro^acey  unless 
sanB  restricting  device  is  used. 

The  initial  study  repcrted  here  had  as  its  pufpose  the  evaluation  of 
man* s  aMllty  to  walk  under  conch tions  of  weightlessness  while  using  Velcro 
material'  as  a  means  of  maintaining  surface  ccsitact.  Velcro  consists  of  two 
mating  pieces  of  fabric:  a  hoCk  portion  containing  many  small  nylcn  hookSy 
and  its  mating  materialy  Piley  consisting  of  mary  small  nylcin  eyes  or  loops* 
When  the  two  materlala  are  pressed  together,  the  hooks  engage  in  the  eyes 
and  the  two  portions  adhere.  Itader  laboratory  eonditionsy  a  perpendicular 
force  of  about  V  pounds  per  square  inch  is  required  to  separate  the  materials 
however  they  can  be  peeled  apart  with  about  0.9  pounds  per  inch  of  width. 

The  high  force  needed  to  pull  the  materials  straight  apart  ccB^ared  to  the 
low  force  needed  to  P2®i  saae  anount  of  material  is  the  quality  that 
naWia  Velcro  particultfly  interesting  as  an  external  aid  to  pendt  walking 
while  weightlsee. 


APPARiirqS  AHD  GPERifl.  FROCEgmaS 


The  study  was  conducted  usix^  a  C-131B  csrgo-type  ainpLaney  modified  by 
pad^ng  the  flooTy  wallsy  and  Ol  protrufing  pieces  of  equi|mBnt  to  prev^t 
coliisien  injuries  to  free-floating  subjects.  The  rir^aft  flew  ^peated 
Kepieriami  teajectories  ppoducing  approodmately  Ih  8000048  of  contlxraoic 
wBlghtlmaaiiesc  dudng  each  rap. 


-BBrsoQil  communication  from  Pr.  H.  J.  RaLstony  fooid  in  reference  7»  Pag®  S3 
?Manifaetured  by  the  Velcro  Ccrp.y  661  Fifth  Ave.y  Hew  Tork  22,  Ifcw  lark. 
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To  provide  an  adhesive  walkws;/  the  hook  portion  Of  the  Velcro  material 
Has  fastened  to  the  celling  of  the  airplane  to  form  two  tracks^  each  6  inches 
Wide  and  13  feet  longj  located  12  inches  ap^t  from  center  to  center*  In 
the  first  of  the  experimental  trials^  some  subjects  were  unable  to  keep  their 
feet  on  these  dBinch  treads*  C^seguently^  the  divided  walkway  was  replaced 
ty  a  solid  walkw^  26  inches  wide  and  13  feet  long*  The  pile  potion  of  the 
Velcro  material  was  affixed  to  the  soles  of  two  pair  of  gym  shoes  (one  pair 
Sise  8 1  the  second  pair  size  1Q|)  fr^  which  the  lusad  had  been  ground*  In 
the  Course  of  the  experimental  trials,  various  mate^als  were  inserted  between 
the  sole  of  the  shoe  and  the  Velcro  material  in  an  effort  to  increase  wallcing 
effieiency* 

Vhen  the  airplane  was  about  to  enter  a  zeroagraiiity’  maneuver,  the  subject 
was  asked  to  lie  flat  on  his  back,  parallel  to  the  overhead  walkway,  with  his 
head  panted  in  the  direction  that  he  would  be  walking*  At  the  beginning  of 
the  zeroagravity  porticn  of  the  maneuver,  the  subject  would  raise  his  legs 
toward  the  walkway  and  push  against  the  floor  with  his  hands,  thus  forcing  his 
feet  vp  to  the  walkway  and  engaging  the  Velcro  on  his  shoes  with  that  on  the 
walkways  Once  the  feet  were  attached  to  the  walkway,  the  subject  would  hold 
himself  in  a  vertical  positim  by  putting  his  hands  on  the  floor  of  the  aira 
craft  until  the  aircraft  stabilized  into  a  Smooth  trajectory*  Uhen  iiie  tra^ 
Jectory  was  smooth  and  the  subject  was  rea^  to  walk  forward^  he  would  remove 
his  hands  ircm  the  floor  and  attempt  to  walk  forward  until  the  aircraft 
maneuver  ended*  The  subject  then  let  himself  settle  to  the  £%ocr  in  readiness 
for  the  pullout* 

Seven  subjects  were  selected  on  the  basis  of  availability*  No  eonsiderap 
tlon  was  given  as  to  whether  or  not  they  had  had  prior  zero-Q  es^rienee*  None 
had  walked  duzlng  zero-O  using  Velcro  material  prior  to  this  expeiiment* 

A  handheld,  l6an.,  BlA>type  Bell  &  Howell  and  Bolex  movie  camera  operating 
at  32  frames  per  second  was  used  to  photograph  all  walking  trials* 


AND  RBS  mS 


The  first  aid  to  weightless  walking  investigated  was  a  p^r  of  tennis 
shoes  with  the  Velcro  material  cemented  Erectly  to  the  sole  of  the  shoe 
without  padc^ng  under  the  toe  or  arch*  Early  obseryatioiu  indicated  that  the 
holding  power  of  this  configuration  was  not  great  enough  due  to  the  limited 
area  of  surface  contact*  To  remedy  this,  the  area  of  shoeptoswalkway  contact 
was  increased  by  filling  in  the  Instep  and  the  area  beneath  the  upturned  toe 
to  mate  a  ccmf^tely  flat  sole*  The  first  insert  material  used  was  natural 
ruhiber  latex,  '^rpe  6096$  S/N  9320NL>  (as  used  in  the  new  light  weight  oxy^n 
maste)*  Because  tl^  material  would  not  retain  its  shape  under  the  stresses 
of  walking,  iu  was  not  considered  to  be  entirely  satisf  aetory  even  though  it 
was  a  great  iaprovement  over  the  original  ctxifiguratlon*  With  this  second 
eonfigaration  tte  subject  cooLd  successfully  overccme  minor  accelerations 
produbed  both  by  the  airerart  moticn  and  himself* 
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In  ^  eff<^t  to  find  a  more  suitable  base  for  the  VelOro  material^ 
three  dlffereht  insert  materials  were  tried.  The  first  of  these  cansisted 
of  a  type  AH  Ensolite  (tte  material  used  on  boxing  ring  floors  to  absorb 
the  shock  of  f£d.ling}.  This  material  proved  to  be  unsatisfactory  because 
of  the  qu^ity  in  the  material  that  prevented  it  from  returning  to  noEmial 
immediately.  The  8eG(md  material,  a  very  soft  spcnge  rubber  insert,  proved 
to  be  unsatisfaGtory.  Although  the  material  retiuiied  to  its  original  sh^ 
when  released,  the  extreme  softoess  of  the  mateiial  appeared  to  limit  the 
adhesive  effectiveness  of  the  Ccaiflguration.  To  alleviate  this  problem  a 
resilient  insert  material  of  type  H  Ensolite  was  tiled.  This  appeared  to 
be  the  best  configwatiGn. 

VHien  moi^es  of  all  the  trials  uere  examined,  particular  patterns  of 
walking  were  observed.  Some  of  these  patterns  resulted  in  virtually  total 
f^lure  in  attaining  a  successful  Walldng  gait,  while  during  those  trials 
in  Which  s^e  degree  of  success  was  noticed,  there  was  evidence  of  charac^ 
teristie  movements  or  body  attitudes. 

The  posture  that  seemed  to  be  present  whenever  a  successful  walking 
gait  was  attained  can  be  described  m  a  crouched  position,  with  the  knees 
bent  and  the  upper  portion  of  the  body  bent  forward  (see  figure  1).  When 
the  subject’s  l^ees  were  not  bent^  the  motion  of  his  legs  daring  the  first 
part  of  a  step  pushed  his  body  away  from  the  walkway,  and  he  found  it 
impossible  to  reach  the  walkwsy  on  succeeding  steps.  If  the  upper  partial 
of  his  body  was  not  bent  forward,  even  though  his  knees  were  bent^  leg 
aeceleraticns  pushed  him  farther  away  from  the  walkway  with  each  succeeding 
step,  until  he  could  not  reach  the  walkway.  Bending  the  upper  portion  of 
the  body  forward  lowers  the  center  of  mass,  bringing  It  closer  to  the  walkway, 
thus  giving  the  subject  greater  coatrol  over  movements  in  all  directi cns. 

As  he  pulls  his  foot  off  the  flo^  and  bends  his  leg,  the  greater  mass  of  the 
body  above  the  waist  appears  to  be  used  to  counteract  the  forces  prodliiced  by 
his  legs.  In  spite  of  the  gyratiois  produced  by  variois  segments  of  the  body, 
the  center  of  mass  of  the  body  as  a  whole  must  follow  a  path  parallel  to  the 
surface  teing  walked  upon. 

SubjectMjnduced  lateral  motion  appears  to  affect  the  walldng  gait.  If 
the  ijnpaTtance  of  these  later^  moMoas  is  substantiated  in  future  investiga* 
ticns,  some  thought  may  be  given  to  fabricating  and  instiling  a  waQjkway  on 
which  the  surface  for  each  foot  is  perpendicular  to  the  axis  of  the  leg.  This 
would  result  in  a  celling  walkway  in  a  shaHow  invertedsV  form. 

To  date,  three  methods  of  returning  the  foot  to  the  walldng  surface  have 
been  obseznred:  (1)  putting  the  foot  down  with  a  slight  aft  motiai,  (2)  putting 
the  foot  straight  doHn,  and  (3)  putMng  the  foot  down  with  a  slight  forward 
motion.  The  data  bbtadnsd  in  the  course  of  this  preliminamT'  stu^  did  not 
clearly  inOloiite  the  most  effective  nethod. 
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Fig  1,  Walkinp  Under  Zero  Gravity  Condi  tions  Whijfi  Iking 

M^tgrialg  The  body  posture  shown  (taiees  bent,  upper  torso  inclined 
fbrw^dj  produced  the  most  successful  ■walking  gait  obserTOd  under 
the  conditions  of  this  study. 
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CONCLySIOM 


The  foUowing  coflclusitSis  can  be  derived  from  this  iiditial  study* 

!•  Velcro  material  applied  to  a  max^Um  area^  flexible  shoe  With  a 
resiliehty  flat  sole  appears  to  hold  some  promise  as  an  aid  to  "weightless 
waking*" 

2,  Under  the  Conditions  Of  this  study^  the  body  posture  that  pennitted 
the  most  successful  wiQ,king  gait  was  a  crouched  positi(%f  imees  bent  and  the 
upper  poridion  of  the  body  bent  forward*  this  posture  apparently  best  enables 
the  center  of  mass  of  the  body  to  maintain  a  straight  line  path  parallel  to 
the  walking  surface. 

3*  Subjectfiinduced  motions  appear  to  play  a  definite  part  in  attaining 
a  good  walking  gait.  Swinging  the  arms>  the  velocity  with  which  the  legs 
are  raised  off  the  floor ,  and  the  technique  that  is  used  in  separating  the 
Velcro  material  aa  the  shoes  ftm  that  on  the  wadkw^  all  play  a  part  in  the 
success  or  failure  of  maintaining  useful  contact  with  the  walking  surface* 


FOTWE  INlffiSTlGATlpNS 


It  would  be  desirable  to  record  Ciiahtitative  measures  of  subjeGt 
performance*  Two  measurement  systems  are  being  considered  fcu^  inflight 
researeh*  In  one  system  a  recorder  and  accelerometer  system  may  be  Used 
to  record  the  horizont^f  vertical^  Md  longitudinal  aircraft  aoceleraticns* 
ConcTn‘rently«  inputs  from  the  subject  should  be  usedy  with  accelerometers 
located  in  such  a  way  that  leg  movements  may  be  related  to  body  movements> 
and  each  subject  movement  may  be  related  to  the  movement  of  the  aircraft* 
to  correlate  limb  position  and  limb  acceleration  data>  s<xne  method  should  be 
devised  to  synehronlze  the  inputs  from  all  accelerometers  involved  and  the 
motion  pictures  taken*  It  may  be  possible  to  have  the  movies  of  the  subject 
and  the  instrumentation  from  the  accelerometers  on  the  same  filfli*  Bi  a 
second  possible  measurement  system  the  method  of  interrupted  lights^  as 
dfeseribed  hy  the  University  of  California,  (ref.  9)  might  be  used*  From 
these  data,  specific  movements,  ausceleraticns,  forces,  and  major  movement 
patterns  could  be  analyzed* 

Plscusslmas  with  personnel  at  the  University  of  California  Medio^ 
Center,  San  Francisco,  California,  have  led  the  experimenters  to  thiiUc  it 
would  be  v^uable  to  devise  sotne  means  of  partially  simulating,  hy  laeans  of 
a  laboratory  suspension  device,  the  paraneters  involved  in  zero»G  walking* 
Pral ’tminary  hioniechanical.  hypotheses  could  then  be  drawn  concerning  zero«i^ 
wallHng  behavior,  and  specific  force  patterns  could  be  isolated  tO  be  Studied 
further  through  the  use  of  the  zeroa^  ^rcraft*  The  relationships  between 
normal,  parUai  and  zeropaG  walking  behavior  coi^d  be  methodically  studied 
sh^vd  the  aireraft* 
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